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Abstract

During the metamorphosis developmental stage of a Drosophila Melanogaster, the central
nervous system (CNS) of the larvae possesses a large amount of motor neurons. The larvae
neurons in the CNS are too specialized to be utilized in the adult stage. Therefore, the majority of
larvae motor neurons undergo programmed cell death (PCD) and the remaining neurons that
survive are remodeled to be used in the adult CNS during the adult stage. During the
metamorphosis cycle, there are multiple phases of PCD and the timing of the deaths of the motor
neurons is not random. This project is particularly interested in two types of motor neurons in the
abdominal ventral nerve cord (VNS), that undergo PCD in the CNS of the larvae of Drosophila
Melanogaster: neurons on the dorsal side of the VNS and neurons on the ventral side of the VNS.
While the cellular events of PCD are already known, the genetic factors involved in the initiation
of PCD are still largely unknown. By using a green fluorescent protein marker, the expression of
which indicates the presence of neurons, and by using knockdown TRiP/RNAi lines, we are able
to knockdown gene expression to an extent that allows us to see which genetic factors are
initiating and causing premature PCD. The goal of this project is to quantify how many motor
neurons have died due to premature PCD by counting the number of surviving neurons. This will
help to determine the degree of PCD a particular gene has undergone in comparison to another
gene.

Introduction

It is important to understand why the Drosophila Melanogaster is such a great model
organism in the field of genetics. Over a century ago the common fruit fly was introduced as the
invertebrate model organism that helped form the field of classical genetics. Many discussions
support that Drosophila is easy to obtain and maintain in laboratories and it is a relatively cheap
model organism for student projects. The spontaneous discovery of the white mutation of
Drosophila and discovery of its linkage to the X- chromosome in 1910 by T.H. Morgan
essentially began the systematic use of the common fruit fly for genetic research11. During the
second half of the twentieth century, steady research turned flies into the model organism that
would link genetics to other biological disciplines. Thereafter, fly genetics has been
systematically applied to the fields of medicine, development, physiology, and behavior. As a
result, many new understandings have been developed of the significant genetic and molecular
mechanisms underlying the field of biology6. A remarkable estimate states that about 75% of
known human diseases possess a recognizable match in the Drosophila genome. Therefore, in
present research, the common fruit fly is often utilized as a “test tube” to search for and

Awasthi 2
recognize genetic components of processes and pathways related to the pathogenesis of
numerous diseases. Hence, it comes as no surprise that the Drosophila Melanogaster is the model
organism behind six Nobel Prize laureates13.
The enormous success of Drosophila as a model organism originates from the many
practical advantages this insects offers experimenters. It is important to note some of the most
significant advantages. Primarily, fruit flies are easy to maintain and very cheap to purchase. Fly
stocks can be kept in very high numbers in laboratory trays. This helps with stock management.
Additionally, one fruit fly generation takes about ten days. Hence, Drosophila research
progresses rapidly and pedigrees spanning several generations can be easily made4. Another
advantage is that the fly genome has very low redunancy and therefore it is comparatively simple
to analyze loss-of-function mutations. Furthermore, virtually every gene of the common fruit fly
is amenable to targeted mutations through many types of genetic strategies and tools. Thus, the
fruit fly is ideal for the field of reverse genetics. Experimental manipulations and observations of
the cells and tissues of Drosophila are relatively easy because the organs are small in size and
complexity4.

Figure 1 : A diagram depicting how genetic screens in Drosophila contribute to research 2
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The common fruit fly, Drosophila Melanogaster, is a popular model organism that has
long aided in bridging the gap between genetics and developmental biology. Drosophila is
defined as a holometabolous insect, an insect that undergoes a larval stage and pupal stage prior
to the adult stage. The adult Drosophila can live up to ten weeks and during this time mating
takes place3. Fertilization is an internal process and the sperm are stored in a seminal receptacle
within the female Drosophila’s body. Females produce the most eggs between the fourth and
seventh day after their emergence and during this time they lay 50-70 eggs continuously per
day3.
The eggs of a Drosophila are approximately one-half mm in length, oval, white, and
resemble a kernel of rice. The ovum is encased by an inner, thin vitelline envelope and an outer,
tough coat called a chorion. At the anterior end, respiratory filaments extend from the dorsal
surface as extensions of the chorion. These respiratory filaments function to exchange gas8.
Eggs are laid half-buried in rotten fruit or self-made medium in culture jars. Eggs hatch
within 22-24 hours in 25ºC. The larva that emerges is called a first instar larva. After another 25
hours, it molts into a larger wormlike body and is called the second instar larva. After another 25
hours, it develops into the third instar larva. This is the largest larva form. At this point, the larva
begins to climb upward away from its food in order to have a clean and dry area to begin
pupation. The third instar larva molts into a pupa after a duration of 30 hours. The pupa remains
stationary and has a yellow-white appearance in its early stages. The the pupa develops further it
becomes progressively darker. In the pupal stage, the larva undergoes the process of
metamorphosing into the adult fly1. During this process, the larva lyses out most of its larval
structures but also preserves some larval organs. The larval nervous system, for example, is not
lysed but undergoes major developmental and structural changes. Additionally, the Malpighian
tubes, fat bodies, and gonads are preserved. However, most of the adult structures are newly
developed and form anew from two sets of cells. These two sets of cells are carried as
undifferentiated, mitotic cells within the larva throughout the instar stages and are called the
imaginal discs and the histoblasts1.
The imaginal discs are small packets of epithelial cells shaped like tear drops. They form
the epidermal stcrtures of the adult that include the wings, legs, eyes, mouthparts, and genital
ducts. Imaginal ducts remain in the larva and grow in size but do not differentiate. In the pupal
stage, they finally differentiate into their adult structures2.
The histoblast cells are found in small groups or nests within the larva. They develop into
the abdominal epidermis and the internal organs of the adult. Simiair to the imaginal disc cells,
the histoblast cells grow by mitosis during the larval stages and then differentiate in the pupal
stage. The histoblast cells can be recognzied within the larva as clumps of small cells that rest
amongst the bigger polytene larval cells13.
The duration of the pupal stage is 3-4 days. At the end of this stage, the adult fly emerges
from the pupal case. Adult male flies are sexually active within a few hours of emergence.
Female flies do not have ripe eggs until 2 days have passed. Then the cycle restarts13.
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Figure 2 : The life cycle of Drosophila Melanogaster13

During the metamorphosis developmental stage of a Drosophila Melanogaster, the central
nervous system (CNS) of the larvae possesses all of the motor neurons. The larvae neurons in
the CNS are too specialized to be utilized in the adult stage. Therefore, the majority of larvae
motor neurons undergo programmed cell death (PCD) and the remaining neurons that survive are
remodeled to be used in the adult CNS during the adult stage14.
The importance of PCD in development is crucial to understand. PCD is a part of
development a lot of cells have to undergo. Therefore, without the proper occurrence of PCD,
CNS development is incomplete. If the CNS of Drosophila possesses unnecessary cells and they
take up space, then the cells that are supposed to be fully functioning are impeded or they are
pushed to the side9. Without PCD, healthy cells cannot function. PCD is necessary to get rid of
unnecessary of neurons because everything within aan organism is limited, including resources
and space. If unnecessary neurons survive, they will be an obstacle to the CNS functioning
successfully10.
The death of these unecessary neurons normally happens during the stage of onset of
metamorphosis. Therefore, when motor neurons undergo PCD during the larvae stage, they are
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actually undergoing premature PCD. This is worthy of investigation because while PCD is a
normal part of development that all cells have to undergo, during the metamorphosis cycle, there
are multiple phases of PCD and the timing of the deaths of the motor neurons is not random.
Thus, premature PCD is abnormal and can be detrimental to the development of Drosophila.
In the CNS of Drosophila, 2 types of motor neurons undergo premature PCD : motor
neurons on the dorsal side of the CNS and motor neurons on the ventral side of CNS. In order to
visualize the surviving neurons that remain after PCD is complete, a green fluorescent protein
marker (gfp), also called gfp expression, is used to mark the presence of cells. If gfp expression
is not seen, then the cells have already died due to PCD5.
The UAS Gal 4 system and UAS RNAi knockdown are tools through which gene
expression is manipulated in order to knockdown certain genes. Gal-4 is the transcription factor
and UAS is the region where Gal-4 binds. Therefore, UAS is the gal 4 binding site.
In this project, a different knockdown technique is used for each gene type. The specific
technique used helps determine the degree of premature PCD that occurs within the CNS2.

Figure 3 : The Drosophila UAS Gal 4 system that is used to knockdown gene expression.
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Methods
In the CNS of the Drosophila Melanogaster, there are 2 types of motor neurons that
undergo premature PCD: motor neurons on the dorsal side of the CNS and motor neurons on the
ventral side of the CNS. In order to visualize these neurons, a green fluorescent protein (GFP)
marker is used. In this project, GFP was used as a marker protein. In the lab, DNA recombinant
technology was used to combine GFP with a protein that was then inserted into the motor
neurons cells to visualize them. If expression of GFP was not seen, this indicated that the cells
had already undergone apoptosis due to premature PCD. In this project, a specific strain of GFP
was used to adhere to the knockdown system utilized. UAS- mGFP was the specific type of GFP
used , which indicates that monomeric GFP protein was used that was specifically combined
with the UAS-Gal 4 system.
In this project, the UAS-Gal4 system and UAS RNAi knockdown are tools that were
utilized to manipulate gene expression; from this, gene expression is knocked down. Knocking
down gene expression involves removing gene transcripts by using an artificial microRNA that
induces gene silencing. In this way, the function of the gene is no longer carried out. Gene
expression of the following genes were knocked down and thus eliminated : E75 KD (A) gene,
E75 KD (B) gene, RAN B2 gene, UAS Glued gene, and the control gene called UMG U-mi 75.
A different knockdown technique within this system was used for each gene type and the effects
were seen in the degree of PCD that occurred for that particular gene. The severity of the knock
down of gene expression indicates the amount of surviving neurons; a higher severity indicates
that PCD occurs to a higher degree.
The beginning of each cycle of experimentation starts with UAS-mg ShakB gal 4 adults.
As mentioned earlier, the UAS-gal4 system is the specific knockdown technique used and shakB
is the specific gal 4 driver being used. So, first, adults of this driver are kept in a vial for 2
weeks. After 2 weeks, virgin adults are collected from this vial. The virgins are put into a
separate vial for 6-7 days; after these 6-7 days are over, these adult virgins are crossed with male
adults in a vial (this means the adult virgins are put into a vial with males of a particular gene
type). The vial with the crossed adult virgins and males is put into a 25ºC incubator and is kept
in the incubator for 6-7 days. After this 6-7 days is over, there is a 3 day window in which the
CNS of the larvae that the adults give birth to has to be dissected. After dissecting the CNS,
within 24 hours, the larvae CNS samples have to be imaged in order to quantify the neurons in
the dorsal and ventral sides of the CNS.
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Figure 4 : A schematic of the methods used for this experiment
1. UAS-mG; shakB gal4 adults are kept in a vial for 2 weeks; after 2 weeks, virgins are collected
from these vials.
2. After 6-7 days, the collected virgins are crossed with males in a vial.
3. The vial with the crossed virgins and males goes into a 25C incubator and is kept in the
incubator for 6-7 days.
4. There is a 3-day window to dissect the CNS of the larvae.
5. Within 24 hours, the dorsal and ventral sides of the CNS must be imaged.

Results
The goal of this project was to quantify how many motor neurons have died due to premature
PCD by counting the number of surviving neurons in both the dorsal and ventral sides of
dissected CNS of larvae of different genotypes. This will help to determine the degree of PCD a
particular gene has undergone in comparison to another gene. In this section, images are
included showing the surviving motor neurons on the dorsal side and on the ventral side for each
gene type. The surviving neurons are green due to GFP being used for visualization. The gene
types are labelled in the lower right hand corner on each image.
By looking at various genes and quantifying the number of surviving neurons in the
dorsal and ventral sides of the CNS, we hypothesized that knocking down gene expression of
the E75 KD can cause premature PCD because the function of this particular gene is to control
neuronal remodeling during the onset of metamorphosis; therefore, if expression of the E75KD
gene is knocked down, there is a loss of function mutation leading to abnormal and premature
PCD.
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Figure 5 : Surviving motor neurons in dorsal (left column) and ventral (right column) in CNS of
larvae of Drosophila Melanogaster.
● A-B : surviving neurons on dorsal and ventral side of CNS of E75 KD gene. E75 KD
gene showed least amount of surviving neurons
● C-D : surviving neurons on dorsal and ventral side of CNS of E75 Trip A gene.
● E-F : surviving neurons on dorsal and ventral side of CNS of Ran B2 gene.
● G-H : surviving neurons on dorsal and ventral side of CNS of UAS Glued gene.
● I-J : surviving neurons on dorsal and ventral side of CNS of U-mG U-mi75 control
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The table below is included in order to quantitatively summarize the results in terms of
surviving neurons for each genotype. The different genes are listed in the left column. The letters
in parentheses next to each genotype indicate the specific knockdown technique used within the
UAS RNAi knockdown system.

Table 1 : Surviving motor neurons in dorsal (left column) and ventral (right column) in CNS of
larvae of Drosophila Melanogaster are quantified by gene. The E75 KD gene demonstrated the
least number of surviving neurons and therefore had the highest degree of premature PCD
occurring in the larvae stage.

Images A and B show the motor neurons on the dorsal and ventral sides of the CNS of
the E75 KD (A)gene ; if we look at the table here, there was an average of 5.4 surviving motor
neurons on the dorsal side and an average of 7.73 surviving motor neurons on the ventral side.
Images C and D show the motor neurons on the dorsal and ventral sides of the CNS of
the E75 KD B gene; if we look over at the table, there was an average of 17.86 surviving neurons
and 18.13 surviving neurons on the dorsal and ventral sides respectively.
Images E and F show the motor neurons on the dorsal and ventral sides of the CNS of the
RAN KD B2 gene ; as the table indicates, there was an average of 17 and 18 surviving neurons
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on the dorsal and ventral sides respectively. The role of this gene is to import and export proteins
and RNAs from the nucleus. This gene is required for normal mitotic spindle assembly;
therefore, if this gene is silenced, cell division cannot happen normally. As a result, PCD also
happens abnormally. Another possible role of this gene includes responsibility for moving
nuclear hormone receptors into the nucleus.
Images G and H show the surviving motor neurons on the dorsal and ventral sides of the
CNS of the UAS Glued gene; as shown in the table, there were 14 average surviving neurons on
the dorsal side and 15.5 average surviving neurons on the ventral side. The role of this gene is to
enhance retrograde signals between nerve cells. Therefore, if expression of this gene is knocked
down, nerve cells no longer receive signals and they do not know that their functions are
required by the body. As a result, PCD does not occur when it needs to.
Images I and J show the surviving neurons on the dorsal and ventral sides of the CNS of
the Control gene (specifically called UMG U-mi 75- ). As seen in the table, for the control gene,
there are 20 motor neurons on the dorsal side and 22 motor neurons on the ventral side.
Therefore, 20 motor neurons on the dorsal side and 22 motor neurons on the ventral side are the
amount of neurons that survive when premature PCD does not occur and when PCD occurs
normally.
From the results listed in the table, we can see that the E75 KD (A) gene had the least
amount of surviving neurons in comparison to the control and to the other genes. So, gene
expression was knocked down for each gene type; however, a different knockdown technique
was used for each gene; this is what led to a different amount of surviving neurons for each gene
and thus a different degree of premature PCD occuring for each gene. The more severely gene
expression is knocked down, the fewer the amount of surviving neurons and thus premature PCD
occurs to a higher degree.
The findings in the table indicate, therefore, that knockdown of gene expression was the
strongest in the E75-KD-A gene because this gene demonstrated the least amount of surviving
neurons and thus the highest degree of premature PCD occurred in this genotype. The function of
the E75 KD gene is to control neuronal protein function; so if gene expression is severely
silenced or knocked down , then a loss of function mutation occurs which results in alteration of
PCD function and PCD occurring prematurely.
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Discussion
The mechanisms of PCD are important to investigate because this biological process
maintains the balance of cells in the human body. When PCD occurs normally, it eliminates
pre-cancerous and virus-infected cells. Therefore, understanding what causes and affects PCD is
important to understand the proper functioning of a living organism’s body. PCD is a general and
convenient way to remove cells that should no longer be part of the organism. Some cells are
abnormal and need ro be removed, or they are taking up space that is needed for more
specialized cells. Therefore, overall, PCD is a vital part of development.
In the specific context of the Drosophila Melanogaster, if PCD does not occur normally,
or in this case, if PCD occurs prematurely, the CNS will not develop properly. If the CNS of
Drosophila does not develop fully due to premature PCD then they cannot carry out typical
behavioral functions such as finding a mate or finding food. Therefore, PCD has large
implications for neuronal and therefore behavioral development.
The procedure of this project included many limitations that required constant
adjustments. Primarily, time was very limited. If more time was allotted for the experiment, then
more genotypes could have been analyzed in order to give a more reliable and accurate analysis
of the effects of premature PCD. Additionally, the available tools were also limited. The only
visualization marker available for this experiment was GFP. However, specific antibodies could
also have been used to visualize the motor neurons if this was available. Specifically, shak-B
antibodies could have been used to produce optimal visualization.
Future implications of this research can include continuing to measure the degree of PCD
in other genes and analyzing the varying severity of knockdown of gene expression depending
on the gene type. Additionally, it will be beneficial to experiment with different methods of
knocking down gene expression to understand how this affects the degree of premature PCD.
Furthermore, it would be advantageous to conduct further research to understand the long-term
negative affects of premature PCD on the CNS of the Drosophila Melanogaster.
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